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(57) Abstract 

A hose composition is provided which comprises a halogen-containing copolymer of a C 4 to C7 isomonoolefin and a pa- 
ra-alkylstyrene, tillers, rubber compounding additives and a curing agent A hose comprising at least a portion made from 
this hose composition is also provided. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 
AU 
BB 



BG 
BJ 
BR 

CA 
CF 
CC 
CH 

a 

CM 
CS 
DB 
DK 



Austria 

Australia 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Canada 

Central African Republic 

Congo 

Switzerland 

C6te d*)vc4rc 

Cameroon 

Czechoslovakia 

Germany 

Denmark 



ES Spain 

PI Finland 

FR France 

GA Gabon 

GB United Kingdom 

GN Guinea 

GR Greece 

HU Hungary 

IT Italy 

JP Japan 

KP Democratic People's Republic 

of Korea 

KR Republic of Korea 

LI Liechtenstein 

LK Sri Lanka 

LU Luxembourg 

MC Monaco 



MG Madagascar 

ML Mali 

MN Mongolia 

MR Mauritania 

MW Malawi 

NL Netherlands 

NO Norway 

PL Poland 

RO Romania 

SO Sudan 

SB Sweden 

SN Senegal 

SU Soviet Union 

TO Chad 

TG Togo 

US United States of America 



PCT/US91/03J95 

WO 91/18050 

- 1 - 



Hn<tv, COMPOSITION 



(TKfiROUND OF THE INVENTION 

1. FiAid of the Invention 

The present invention relates to a composition 
suitable for use in hoses, particularly in automotive 
radiator coolant hoses; and hoses comprising the 
composition . 

2. Inscription of Inf ormation Disclosures 

Hoses made from synthetic or natural rubbers and 
methods for producing the hoses are known. Hoses used to 
conduct fluids to and from automotive radiators are 
described, for example, in U.S. patent 4,096,888; U.S. 
patent 4,698,890; and U.S. patent 4,158,033, the teachings 
of which are hereby incorporated by reference. 

Although there are many commercially available 
types of automotive radiator hoses, there is still a need 
to improve the properties of these hoses, such as 
resistance to water or coolant diffusion, heat resistance 
and compression set. 

It has now been found that hoses that are made 
from a composition comprising certain halogen-containing 
copolymers of a C 4 to C 7 isomonoolef in and a para- 
alkylstyrene containing a critical amount of the para-alkyl- 
styrene moiety and a critical amount of chemically bound 
halogen have improved properties. 
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SUMMARY OF THE INVENTi-ny 

In accordance with the invention, there is 
provided a hose composition comprising: (l) a halogen- 
containing copolymer of a C 4 to c 7 isomonoolefin and a 
para-alkylstyrene, said copolymer comprising at least about 
5 weight percent of said para-alkylstyrene, and at least 
about 0.4 mole percent of said halogen; (2) a component 
selected from the group consisting of a filler, a rubber 
compounding additive and mixtures thereof; and (3) a curing 
agent. 

In accordance with the invention, there is also 
provided a vulcanized elastomeric hose comprising an inner 
tube and an outer cover, wherein at least a portion of said 
hose comprises a composition comprising: (l) a 
halogen-containing copolymer of a C 4 to C 7 
isomonoolefin and a para-alkylstyrene, said copolymer 
comprising at least about 5 weight percent of said 
para-alkylstyrene, and at least about 0.4 mole percent of 
said halogen; and (2) a component selected from the group 
consisting of a filler, a rubber compounding additive and 
mixtures thereof. 



DETAILED DESCRIPTI ON QF THE INVENTION 

The hose composition of the present invention 
comprises a halogen-containing copolymer of a C 4 to c 7 
isomonoolefin and a para-alkylstyrene, fillers, rubber 
compounding additives and a curing agent with or without 
curing agent accelerators. 

Suitable halogen-containing copolymers of a C 4 
to C 7 isomonoolefin and a para-alkylstyrene for use as a 
component of the present hose composition comprise at least 
5 weight percent of the para-alkylstyrene moiety. The 
para-alkylstyrene moiety may range from about 5 weight 
percent to about 20 weight percent of the copolymer. 
Furthermore, the suitable copolymers comprise at least 
about 0.4 mole percent, preferably at least about 0.5 mole 
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percent of the halogen. The halogen content of the 
copolymer may range from about 0.4 to about l.o mole 
percent. The halogen may be bromine, chlorine, and 
mixtures thereof. Preferably, the halogen is bromine. The 
major portion of the halogen is chemically bound to the 
para-alky 1 group, that is, the halogen-containing copolymer 
comprises para-halo alkyl groups. 

The copolymers of the isomonoolef in and 
para-alky lstyrene useful to prepare the halogen-containing 
copolymers suitable as component of the hose composition of 
the present invention include copolymers of isomonoolef in 
having from 4 to 7 carbon atoms and a para-alky lstyrene, 
such as those described in European patent application 
89305395.9 filed May 26, 1989, (Publication No. 0344021 
published November 29, 1989). The preferred isomonoolef in 
comprises isobutylene. The preferred para-alkylstyrene 
comprises para-methylstyrene. Suitable copolymers of an 
isomonoolef in and a para-alkylstyrene include copolymers 
having a number average molecular weight (fl n ) of 
at least about 25,000, preferably at least about 30,000, 
more preferably at least about 100,000. The copolymers 
also, preferably, have a ratio of weight average molecular 
weight (& v ) to number average molecular weight 
(H n ), i.e., 8 W /H n of less than 
about 6, preferably less than about 4, more preferably less 
than about 2.5, most preferably less than about 2. The 
brominated copolymer of the isoolefin and para-alkylstyrene 
by the polymerization of these particular monomers under 
certain specific polymerization conditions now permit one 
to produce copolymers which comprise the direct reaction 
product (that is, in their as-polymerized form), and which 
have unexpectedly homogeneous uniform compositional 
distributions. Thus, by utilizing the polymerization and 
bromination procedures set forth herein, the copolymers 
suitable for the "practice of the present invention can be 
produced. These copolymers, as determined by gel 
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permeation chromatography (GPC) demonstrate narrow 
molecular weight distributions and substantially 
homogeneous compositional distributions, or compositional ' 
. uniformity over the entire range of compositions thereof. 
At least about 95 weight percent of the copolymer product ■ 
has a para-alky lstyrene content within about 10 wt. 
percent, and preferably within about 7 wt. percent, of the 
average para-alky Istyrene content for the overall 
composition, and preferably at least about 97 wt. percent 
of the copolymer product has a para-alkylstyrene content 
within about 10 wt. percent and preferably within about 7 
wt. percent, of the average para-alkylstyrene content for 
the overall composition. This substantially homogeneous 
compositional uniformity thus particularly relates to the 
intercompositional distribution. That is, with the 
specified copolymers, as between any selected molecular 
weight fraction the percentage of para-alkylstyrene 
therein, or the ratio of para-alkylstyrene to isoolefin, 
will be substantially the same, in the manner set forth 
above. 

In addition, since the relative reactivity of 
para-alkylstyrene with isoolefin such as isobutylene is 
close to one, the intercompositional distribution of these 
copolymers will also be substantially homogeneous. That 
is, these copolymers are essentially random copolymers, and 
in any particular polymer chain the para-alkylstyrene and 
isoolefin units will be essentially randomly distributed 
throughout that chain. 

The halogen-containing copolymers useful in the 
practice of the present invention have a substantially 
homogeneous compositional distribution and include the 
para-alkylstyrene moiety represented by the formula: 
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H 




in which R and R 1 are independently selected from the 
group consisting of hydrogen, alkyl preferably having from 
1 to 5 carbon atoms, primary alkyl halides, secondary alkyl 
halides preferably having from 1 to 5 carbon atoms, and 
mixtures thereof and X is selected from the group 
consisting of bromine, chlorine and mixtures thereof, such 
as those disclosed in European patent application 8930595.9 
filed May 26, 1989, (Publication No. 0344021 published 
November 29, 1989) . 

Various methods may be used to produce the 
copolymers of isomonoolef in and para-alkylstyrene, as 
described in said European publication. Preferably, the 
polymerization is carried out continuously in a typical 
continuous polymerization process using a baffled tank-type 
reactor fitted with an efficient agitation means, such as a 
turbo mixer or propeller, and draft tube, external cooling 
jacket and internal cooling coils or other means of 
removing the heat of polymerization, inlet pipes for 
monomers, catalysts and diluents, temperature sensing means 
and an effluent overflow to a holding drum or quench tank. 
The reactor is purged of air and moisture and charged with 
dry, purified solvent or a mixture of solvent prior to 
introducing monomers and catalysts. 



WO 91/18050 



PCT/US91/03195 



Reactors which are typically used in butyl rubber 
polymerization are generally suitable for use in a 
polymerization reaction to produce the desired para-alkyl- 
styrene copolymers suitable for use in the process of the 
present invention. The polymerization temperature may 
range from about minus 35*C to about minus 100*C, 
preferably from about minus 40 to about minus 80 "C 

The processes for producing the copolymers can be 
carried out in the form of a slurry of polymer formed in 
the diluents employed, or as a homogeneous solution 
process. The use of a slurry process is, however, 
preferred, since in that case, lower viscosity mixtures are 
produced in the reactor and slurry concentration of up to 
40 wt. percent of polymer are possible. 

The copolymers of isomonoolef ins and para-alkyl- 
styrene may be produced by admixing the isomonoolef in and 
the para-alky 1 styrene in a copolymer izat ion reactor under 
copolymerization conditions in the presence of a diluent 
and a Lewis acid catalyst. 

Typical examples of the diluents which may be used 
alone or in a mixture include propane, butane, pentane, 
cyclopentane, hexane, toluene, heptane, isooctane, etc., 
and various halohydrocarbon solvents which are particularly 
advantageous herein, including methylene, chloride, 
chloroform, carbon tetrachloride, methyl chloride, with 
methyl chloride being particularly preferred. 

An important element in producing the copolymer is 
the exclusion of impurities from the polymerization 
reactor, namely, impurities which, if present, will result 
in complexing with the catalyst or copolymerization with 
the isomonoolef ins or the para-alky 1 styrene, which in turn 
will prevent one from producing the para-alkylstyrene 
copolymer product useful in the practice of the present 
invention. Most particularly, these impurities include the 
catalyst poisoning material, moisture and other 
copolymer izable monomers, such as, for example, 
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metal-alkylstyrenes and the like* These impurities should 
be kept out of the system. 
< In producing the suitable copolymers, it is 

preferred that the para-alkylstyrene be at least 95.0 vt. 
percent pure, preferably 97.5 wt. percent pure, most 
preferably 99.5 vt. percent pure and that the isomonoolef in 
be at least 99.5 vt. percent pure, preferably at least 99.8 
vt. percent pure and that the diluents employed be at least 
99 vt. percent pure, and preferably at least 99.8 vt. 
percent pure. 

The most preferred Levis acid catalysts are ethyl 
aluminum dichloride and preferably mixtures of ethyl 
aluminum dichloride vith diethyl aluminum chloride. The 
amount of such catalysts employed vill depend on the 
desired molecular veight and the desired molecular veight 
distribution of the copolymer being produced, but vill 
generally range from about 20 ppm to 1 vt. percent and 
preferably from about 0.001 to 0.2 vt. percent, based upon 
the total amount of monomer to be polymerized. 

Halogenation of the polymer can be carried out in 
the bulk phase (e.g., melt phase) or either in solution or 
in a finely dispersed slurry. Bulk halogenation can be 
effected in an extruder, or other internal mixer, suitably 
modified to provide adequate mixing and for handling the 
halogen and corrosive by-products of the reaction. The 
details of such bulk halogenation processes are set forth 
in U.S. Patent No. 4,548,995, vhich is hereby incorporated 
by reference. 

Suitable solvents for solution halogenation 
include the lov boiling hydrocarbons (C 4 to C 7 ) and 
halogenated hydrocarbons. Since the high boiling point 
para-methylstyrene makes its removal by conventional 
distillation impractical, and since it is difficult to 
completely avoid solvent halogenation, it is very important 
where solution or slurry halogenation is to be used that 
.the diluent and halogenation conditions be chosen to avoid 
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diluent, halogenation, and that residual para-methyl sty rene 
has been reduced to an acceptable level. 

With halogenation of para-methylstyrene/ 
isobutylene copolymers, it is possible to halogenate the 
ring carbons, but the products are rather inert and of 
little interest. However, it is possible to introduce 
halogen desired functionality into the para-methylstyrene/ 
isobutylene copolymers hereof in high yields and under 
practical conditions without obtaining excessive polymer 
breakdown, cross-linking or other undesirable side 
reactions. 

It should be noted that radical bromination of the 
enchained para-methyl styryl moiety in the useful 
copolymers for the practice of this invention can be made 
highly specific with almost exclusive substitution 
occurring on the para-methyl group, to yield the desired 
benzyl ic bromine functionality. The high specificity of 
the bromination reaction can thus be maintained over a 
broad range of reaction conditions, provided, however, that 
factors which would promote the ionic reaction route are 
avoided (i.e., polar diluents, Friedel-Crafts catalysts, 
etc.) • 

Thus, solutions of the suitable 
para-methylstyrene/isobutylene copolymers in hydrocarbon 
solvents such as pentane, hexane or heptane can be 
selectively brominated using light, heat, or selected 
radical initiators (according to conditions, i.e., a 
particular radical initiator must be selected which has an 
appropriate half-life for the particular temperature 
conditions being utilized, with generally longer half-lives 
preferred at warmer hydrogenation temperatures) as 
promoters of radical halogenation, to yield almost 
exclusively the desired benzylic bromine functionality, via 
substitution on the para-methyl group, and without 
appreciable chain "scission and/or cross-linking. 
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This reaction can be initiated by formation of a 
bromine atom, either photochemically or thermally (with or 
without the use of sensitizers), or the radical initiator 
used can be one which preferentially reacts with a bromine 
molecule rather than one which reacts indiscriminately with 
bromine atoms, or with the solvent or polymer (i.e., via 
hydrogen abstraction). The sensitizers referred to are 
those photochemical sensitizers which will themselves 
absorb lower energy photons and disassociate, thus causing, 
in turn, disassociation of the bromine, including materials 
such as iodine. It is, thus, preferred to utilize an 
initiator which has a half life of between about 0.5 and 
2500 minutes under the desired reaction conditions, more 
preferably about 10 to 300 minutes. The amount of initiator 
employed will usually vary between 0.02 and 1 percent by 
weight on the copolymer, preferably between about 0.02 and 
0.3 percent. The preferred initiators are bis azo 
compounds, such as azo bis isobutyronitrile (AIBN) , azo bis 
(2,4 dimethyl valero) nitrile, azo bis (2 methyl butyro) 
nitrile, and the. like. Other radical initiators can also 
be used, but it is preferred to use a radical initiator 
which is relatively poor at hydrogen abstraction, so that 
it reacts preferentially with the bromine molecules to form 
bromine atoms rather than with the copolymer or solvent to 
form alkyl radicals. In those cases, there would then tend 
to be resultant copolymer molecular weight loss, and 
promotion of undesirable side reactions, such as 
cross-linking. The radical bromination reaction of the 
copolymers of para-methylstyrene and isobutylene is highly 
selective, and almost exclusively produces the desired 
benzylic bromine functionality. Indeed, the only major 
side reaction which appears to occur is disubstitution at 
the para-methyl group, to yield the dibromo derivative, but 
even this does not occur until more than about 60 percent 
of the enchained para-methylstyryl moieties have been 
monosubstituted. Hence, any desired amount of benzylic 
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bromine functionality in the monobromo form can be 
introduced into the above stated copolymers, up to about 60 
mole percent of the para-methylstyrene content. 

It is desirable that the termination reactions be 
minimized during bromination, so that long, rapid radical 
chain reactions occur, and so that many benzylic bromines 
are introduced for each initiation, with a minimum of the 
side reactions resulting from termination. Hence, system 
purity is important, and steady-state radical 
concentrations must be kept low enough to avoid extensive 
recombination and possible cross-linking. The reaction 
must also be quenched once the bromine is consumed, so that 
continued radical production with resultant secondary 
reactions (in the absence of bromine) do not then occur. 
Quenching may be accomplished by cooling, turning off the 
light source, adding dilute caustic, the addition of a 
radical trap, or combinations thereof. 

Since one mole of HBr is produced for each mole of 
bromine reacted with or substituted on the enchained 
para-methy Istyryl moiety, it is also desirable to 
neutralize or otherwise remove this HBr during the 
reaction, or at least during polymer recovery in order to 
prevent it from becoming involved in or catalyzing 
undesirable side reactions. Such neutralization and 
removal can be accomplished with a post-reaction caustic 
wash, generally using a molar excess of caustic on the HBr. 
Alternatively, neutralization can be accomplished by having 
a particulate base (which is relatively non-reactive with 
bromine) such as calcium carbonate powder present in 
dispersed form during the bromination reaction to absorb 
the HBr as it is produced. Removal of the HBr can also be 
accomplished by stripping with an inert gas (e.g., N 2 ) 
preferably at elevated temperatures. 

The brominated, quenched, and neutralized 
para-methylstyrene/ isobutylene copolymers can be recovered 
and finished using conventional means with appropriate 
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stabilizers being added to yield highly desirable and 
versatile functional saturated copolymers. 

In summary, halogenation to produce a copolymer 
useful in the present invention is preferably accomplished 
by halogenating an isobutylene-para-methylstyrene copolymer 
using bromine in a normal alkane (e.g., hexane or heptape) 
solution utilizing a bis azo initiator, e.g., AIBN or 
VAZ0 # 52: 2, 2'-azobis(2,4-dimethylpentane nitrile), at 
about 55 to 80 *c, for a time period ranging from about 4.5 
to about 30 minutes, followed by a caustic quench. The 
recovered polymer is washed in basic water wash and 
water/ isopropanol washes, recovered, stabilized and dried. 

The aromatic halomethyl groups permit facile 
cross-linking to be accomplished in a variety of ways, for 
example, either directly through the halomethyl group or by 
conversion to other functional groups to permit the desired 
cross-linking reactions to be employed. Direct 
cross-linking can be effected with a variety of 
poly functional nucleophilic reagents such as ammonia, 
amines, or polyamines; metal dicarboxylates ; metal 
dithiolates; promoted metal oxides (i.e., ZnO + 
dithiocarbamates) , etc. Cross-linking can also be effected 
via polyalkylation reactions. The aromatic halomethyl 
groups, thus, provide a wide choice of cross-linking 
reactions to be used. 

One of the advantages of a isobutylene/para-methyl- 
styrene copolymer incorporating phenyl rings (and no 
backbone unsaturation) is that greatly enhanced ozone 
resistance is achieved. 

The hose composition of the present invention also 
comprises a component selected from the group consisting of 
a filler, a rubber compounding additive and mixtures 
thereof. 

The filler may be a non-reinforcing filler, a 
reinforcing filler, an organic filler, and an inorganic 
filler, and mixtures thereof. 
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Suitable fillers include calcium carbonate, clay, 
silica, talc, carbon black and mixtures thereof. 

Suitable rubber compounding additives include 
antioxidants, stabilizers, rubber processing oils, pigments 
and mixtures thereof. The rubber process oils may be 
paraffinic or naphthenic process oils. Suitable 
antioxidants include hindered phenols, amino phenols, 
hydroguinones, alkyldiamines , amine condensation products 
and the like. The preferred additives are fatty acids, low 
molecular weight polyethylene, waxes, and mixtures 
thereof. A preferred fatty acid is stearic acid. Mixtures 
of other fatty acids can be used with the stearic acid. 

The hose composition also comprises a curing 
agent. Any known curative system suitable for 
vulcanization of rubber may be used. 

Suitable curing agents include peroxide cures, 
sulfur cures and non-sulfur cures. For example, the curing 
agent may be zinc oxide. Optionally, curing agent 
accelerators may be used such as dithiocarbamates, 
thiurams, thioureas, and mixtures thereof, zinc oxide-free 
cures may also be used such as, for example, litharge; 
2 -mercapto imidazoline; diphenyl guanidine; 2-mercaptobenzi- 
midazole; and N^-phenylene-bismaleimide. 

Resin curatives may also be used as curative 
component of the hose composition, such as, phenolic 
resins, brominated phenolic resins, urethane resin, etc. 
Organic peroxides may be used as curing agents, such as, 
for example, dicumyl peroxide, benzoyl peroxide, 
a, a 1 -Bis (tertiary butyl peroxy) diisopropyl benzene, and 
the like. 

The hose composition of the present invention may 
comprise the specified halogen-containing copolymer of a 
C 4 to C 7 isomonoolef in and a para-alkylstyrene in an 
amount ranging from about 35 to 65, preferably from about 
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45 to about 55 weight percent, the total amount of fillers 
and additives in an amount ranging from about 35 to 65, 
preferably from about 45 to 55 weight percent, and the 
curing agent in an amount ranging from about 0.5 to 5.0, 
preferably from about 1.5 to 3.0 weight percent, all said 
percentages being based on the weight of the total hose 
composition. 

The hose composition may be vulcanized by 
subjecting it to heat and or/light or radiation according 
to any conventional vulcanization process. Typically, the 
vulcanization is conducted at a temperature ranging from 
about 130 *C to about 250 *C, preferably from about 150 # C to 
about 2 00 *C, for a time period ranging from about 1 to 
about 150 minutes. 

The hose composition of the present invention may 
be used in the production of any type of hoses, for 
example, automotive radiator coolant hose, hydraulic hose, 
and the like. It is particularly suited for use in 
automotive radiator coolant hoses where the hose must 
withstand temperatures up to about 165 'C. 

Automotive radiator coolant hoses typically 
comprise an inner tube and an outer cover. Some hoses 
comprise reinforcements and/or other layers between the 
inner tube and the outer cover. In accordance with the 
present invention, the hose composition is used to 
fabricate at least a portion of the hose. 

Thus, the hose composition of the present 
invention may be used to produce the inner tube and/or the 
outer cover of the hose. Preferably, the hose composition 
is used to produce at least a portion of the inner tube. 

The hose may be produced by any conventional 
method. For example, the unvulcanized hose composition may 
be formed into an elongated tube and be positioned on a 
mandrel. A cover material may be applied to the outer 
surface of the tube. Pressure may be applied either 
directly or by wrapping the hose in a tape fabric, such as 
a plastic tape, and, thereafter, subjecting the hose to 
heat and steam pressure to vulcanize the hose. 
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A typical hose generally comprises an inner tube, 
an outer cover and a reinforcement. The inner tube is 
adapted to contain the fluid or vapor to be conveyed by the 
hose and to resist the internal pressure of the material 
being conveyed or the external forces acting on the hose. 
The cover protects the hose from mechanical and 
environmental damage. 

A preferred method of manufacturing hoses, such as 
automotive hoses, is the extrusion process. For example, 
to produce a hose utilizing the hose composition of the 
present invention by the extrusion process, the hose 
composition is heated in an extruder suitable for extruding 
rubber. The extruder acts like a pump, thereby forcing the 
softened rubber mass through a pin and ring die 
configuration which causes the composition to take the 
shape of a tube. The tube is cooled immediately in a water 
trough. Subsequently, the reinforcement is applied either 
by spiralling, knitting, or braiding a textile yarn around 
the tube. Thereafter, the reinforced tube is covered with 
the hose composition of the present invention or with a 
different composition, such as compositions conventionally 
used in outer tube covers, depending on the desired end 
usage of the hose, by passing the reinforced tube through a 
cross-head extruder. The resulting extruded, covered and 
reinforced tube is cooled again in a water trough, then cut 
into hose pieces of desired lengths which are placed on 
preformed mandrels. Thereafter, the hose pieces are 
vulcanized in a steam autoclave. 

The following examples are presented to illustrate 
the invention. 

Experiments were conducted to compare the cure 
response and physical properties of formulations comprising 
brominated isobutylene-para-methylstyrene copolymer of the 
present invention to a formulation comprising a bromobutyl 
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rubber. The brominated isobutylene-para-methylstyrene 
copolymer used in these formulations contained the bromine 
in the para-methyl-styrene moiety. The master batch 
formulations to which the brominated isobutylene-para- 
methylstyrene copolymers were added was the same as the 
master batch formulation to which the bromobutyl rubber was 
added. Different curing agents were used in Formulations A 
through E than in Formulation F, as shown in Table I. The 
curing agents in Formulations A through E comprised zinc 
oxide and dipentamethylene thiuram hexasulfide. The curing 
agents in Formulation F comprised zinc oxide, benzothiazyl 
disulfide and tetramethy lthiuram disulfide. The 
formulations in accordance with the present invention were 
designated A through E. The comparative formulation 
containing bromobutyl rubber was designated F. The 
bromobutyl rubber used in Formulation F comprised 2 wt. 
percent bromine and had a Mooney Viscosity of 37 (ML 1+8) 
at 125 *C (i.e., Exxon Bromobutyl Grade 2233, Exxon Chemical 
Company) . 

The bromobutyl rubber used in Formulation F is 
designated "Copolymer T N in Table I. The bromoisobutylene 
para-methylstyrene copolymers used in Formulations A 
through E are designated copolymers 2, Y, X, W and M in 
Table I. These latter copolymers had different bromine 
contents and other properties as listed in Table I. All 
the compounds were cured for 20 minutes at 160 *C in a steam 
heated compression mold. 

The formulations and the results of these tests 
are shown in Table I. 

The Mooney Viscosities in Table I were all 
measured in accordance with ASTM D1646. 
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As can be seen from the data of Table I, 
Formulations A, B, C, D, and E, which were formulations in 
accordance with the present invention, had a better cure 
activity than comparative formulation F. 

Furthermore, the state of cure as determined by 
the difference between the maximum torque (MH) and the 
minimum torque (ML) on the curemeter plot was higher for 
Formulations A through E. Stress strain properties, 
including modulus, tensile strength and elongation also 
indicated that Formulations A through E had an improved 
state of cure* This is additionally indicated by the 
compression set results which were generally lower for 
Formulations A through E of the present invention compared 
to that of comparative Formulation F. This characteristic 
is important for maintaining sealability in hoses for 
conducting fluids. The formulations of the present 
invention also had significantly better retention of 
physical properties after being aged in hot air for one 
week at temperatures of 150 *C to 165 'C, respectively. 
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CLAIMS: 

1. A hose composition comprising: 

(1) a halogen-containing copolymer of a c 4 to 
C 7 isomonoolefin and a para-alky lstyrene, said copolymer 
comprising at least about 5 weight percent of siid 
para-alkylstyrene, and at least about 0.4 mole percent of 
said halogen; 

(2) a component selected from the group consisting 
of a filler, a rubber compounding additive, and mixtures 
thereof; and 

(3) a curing agent. 

2. The vulcanized hose composition of claim 1. 

3. The hose composition of claim 1, wherein said 
copolymer is present in an amount ranging from about 35 to 
about 65 weight percent; said component (2) is present in 
an amount ranging from about 35 to about 65 weight percent, 
and said curing agent is present in an amount ranging from 
about 0.5 to about 5 weight percent, based on the total 
hose composition. 

4. The hose composition of claim 1, wherein said 
copolymer comprises from about 5 to about 20 weight percent 
of said para-alky lstyrene. 

5. The hose composition of claim 1, wherein said 
copolymer comprises at least about 0.5 mole percent of said 
halogen. 

6. The hose composition of claim 1, wherein said 
halogen is selected from the group consisting of chlorine, 
bromine, and mixtures thereof. 
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7. The hose composition of claim- 1, wherein said 
halogen comprises bromine, and wherein said bromine is 
chemically bound to said para-alkyl-styrene. 

8. The hose composition of claim 1, wherein said 
isomonoolefin is isobutylene and said para-alky 1 sty rene is 
para-methylstyrene . 

9. The hose composition of claim 1, wherein said 
component (2) is a filler and wherein said filler is 
selected from the group consisting of carbon black, calcium 
carbonate, clay, silica, and mixtures thereof. 

10. The hose composition of claim 1, wherein said 
component (2) is a rubber compounding additive and wherein 
said rubber compounding additive is selected from the group 
consisting of antioxidants, stabilizers, rubber processing 
oils, pigments, and mixtures thereof. 

11. The hose composition of claim 10, wherein 
said rubber compounding additive is selected from the group 
consisting of stearic acid, low molecular weight 
polyethylene, waxes, mixtures of fatty acids, and mixtures 
thereof. 

12. A vulcanized elastomeric hose comprising an 
inner tube and an outer cover, wherein at least a portion 
of said hose comprises a composition comprising: 

(1) a halogen-containing copolymer of a C 4 to 
C 7 isomonoolefin and a para-alkylstyrene, said copolymer 
comprising at least about 5 weight percent of said 
para-alkylstyrene, and at least about 0.4 mole percent of 
said halogen; and 

(2) a component selected from the group consisting 
of a filler, a rubber compounding additive, and mixtures 
thereof. 
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13. The vulcanized elastomeric hose of claim 12, 
wherein said composition comprises from about 35 to about 
65 weight percent of said copolymer; and from about 35 to 
about 65 weight percent of said component (2). 

14. The vulcanized elastomeric hose of claim 12, 
wherein said copolymer comprises from about 5 to about 20 
weight percent of said para-alkylstyrene. 

15. The vulcanized elastomeric hose of claim 12, 
wherein said copolymer comprises at least about 0.5 mole 
percent of said halogen. 

16. The vulcanized elastomeric hose of claim 12, 
wherein said halogen is selected from the group consisting 
of chlorine, bromine, and mixtures thereof. 

17. The vulcanized elastomeric hose of claim 12, 
wherein said halogen comprises bromine, and wherein said 
bromine is chemically bound to said para-alkylstyrene. 

18. The vulcanized elastomeric hose of claim 12, 
wherein said isomonoolefin is isobutylene and said para- 
alkylstyrene is para-methyl styrene. 

19. The vulcanized elastomeric hose of claim 12, 
wherein said component (2) is a filler, and wherein said 
filler is selected from the group consisting of carbon 
black, calcium carbonate, clay, silica, and mixtures 
thereof. 

20. The vulcanized elastomeric hose of claim 12, 
wherein said component (2) is a rubber compounding additive 
and wherein said rubber compounding additive is selected 
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from the group consisting of antioxidants, stabilizers, 
rubber processing oils, pigments, and mixtures thereof. 

21. The vulcanized elastomeric hose of claim 20, 
wherein said rubber compounding additive is selected from 
the group consisting of stearic acid, low molecular weight 
polyethylene, waxes, and mixtures thereof. 

22. The vulcanized elastomeric hose of claim 12, 
wherein said hose is an automotive radiator coolant hose. 

23. The vulcanized elastomeric hose of claim 12, 
wherein said inner tube comprises said composition. 

24. The vulcanized elastomeric hose of claim 12, 
wherein said outer cover comprises said composition. 
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